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ODUJH JDS EHWZHHQ DFWXDO DQG FDOFXODWHG EXLOGLQJ HQHUJ\ GHPDQG 7KLV VRFDOOHG SHUIRUPDQFH JDS UHODWHV WR WKH
GLIILFXOW\ LQPDNLQJ D UHDOLVWLF SUHGLFWLRQ RI WKH FRPSOH[LW\ RI WKH EXLOGLQJ DQG WKH YDULRXV IDFWRUV WKDWDIIHFW WKH
EXLOGLQJHQHUJ\SHUIRUPDQFH$VLVRXWOLQHGLQWKH,($(%&$QQH[SURMHFWVHHHJ3ROLQGHUHWDO>@EXLOGLQJ
HQHUJ\ FRQVXPSWLRQ LV LQIOXHQFHG E\ FOLPDWH EXLOGLQJ HQYHORSH EXLOGLQJ HQHUJ\ V\VWHPV EXLOGLQJ RSHUDWLRQ DQG
PDLQWHQDQFH RFFXSDQW EHKDYLRU DQG LQGRRU HQYLURQPHQWDO TXDOLW\ DQG FRPIRUW 8QGHUVWDQGLQJ XVHU EHKDYLRU DV
ZHOODVNQRZLQJWKHDFWXDOSHUIRUPDQFHRIEXLOGLQJVDQGV\VWHPVDUHPDQGDWRU\IRUUHGXFLQJWKLVJDS
&XUUHQW PRGHOV DUH QRW VXIILFLHQWO\ DFFXUDWH LQ HQHUJ\ XVH SUHGLFWLRQV GXH WR DVVXPSWLRQV RQ FOLPDWH XVHU
EHKDYLRURUFKDUDFWHULVWLFVRI EXLOGLQJDQGV\VWHPV WKDWPD\GHYLDWH IURPUHDOLW\$QH[WJHQHUDWLRQRIPRGHOV LV
QHFHVVDU\WREHWWHUSUHGLFWWKHUHDOHQHUJ\SHUIRUPDQFHRIEXLOGLQJVDQGV\VWHPV
'HWDLOHGPRGHOOLQJRIWKHHQHUJ\XVHRIEXLOGLQJVLVWLPHFRQVXPLQJ)XUWKHUPRUHFKDUDFWHUL]DWLRQRIWKHHQHUJ\
SHUIRUPDQFH RI EXLOGLQJV E\PHDVXUHPHQWV XVLQJ D VKRUW DVVHVVPHQW WLPH LV QRW SRVVLEOH &XUUHQWO\ WKHUH DUH QR
SURSHU PHWKRGV WR DVVHVV HQHUJ\ XVH RI LQGLYLGXDO EXLOGLQJV HIIHFWLYHO\ ZLWKLQ D OLPLWHG WLPH IUDPH -RLQLQJ
FDOFXODWLRQPRGHOVZLWKG\QDPLFPHDVXUHPHQWVXVLQJG\QDPLFSDUDPHWHULGHQWLILFDWLRQ'3,VHHPVSURPLVLQJIRU




6LQFH WKH¶V IRUZDUGVLPXODWLRQWRROV HJ(63U7516<6%/$67'2(DQG(QHUJ\3OXVKDYHEHHQ
GHYHORSHG WR VLPXODWH WKH WUDQVLHQW HQHUJ\ FRQVXPSWLRQ DQG WKHUPDO ORDGV EHKDYLRU RI EXLOGLQJV JLYHQ XVHU
EHKDYLRURXWGRRUFOLPDWHEXLOGLQJFRQVWUXFWLRQDQG LQVWDOODWLRQV(DFKFRPSRQHQWLQ WKHEXLOGLQJLVPRGHOHGDQG
WKXVWKHSHUIRUPDQFHFDQEHVLPXODWHG7KHVHVLPXODWLRQWRROVKDYHWKHDGYDQWDJHWKDWHDFKSDUWRIWKHEXLOGLQJFDQ
EH PRGHOHG DQG WKDW HQHUJ\ FRQVXPSWLRQ DQG WKHUPDO ORDGV FDQ EH DQDO\]HG G\QDPLFDOO\ 'UDZEDFNV DUH WKH
FRPSOH[LW\ DQG WLPHFRQVXPLQJ FDOFXODWLRQV RI WKHVH WRROV DQG WKH UHTXLUHPHQW RI VXEVWDQWLDO LQSXW HJ GHWDLOHG
EXLOGLQJJHRPHWU\SURSHUWLHVRIFRQVWUXFWLRQVOD\HUVLQVWDOODWLRQVHWFDQGULJKWPRGHODVVXPSWLRQV7RDQDO\]HWKH
UHODWLYH LPSDFW RI LQSXW SDUDPHWHUV RQ WKH RXWSXW WKHVH WRROVPD\EH FRPELQHGZLWK VHQVLWLYLW\ DQDO\VLV VHH HJ









DV FOLPDWH YDULDEOHV DQG EXLOGLQJ RSHUDWLRQ VHWWLQJV 3XUHO\ VWDWLVWLFDO WHFKQLTXHV DUH HPSOR\HG WR GHWHUPLQH WKH
FRUUHODWLRQEHWZHHQWKHRXWSXWDQGWKHLQSXW$GYDQWDJHRIWKLVDSSURDFKLVLWVVLPSOLFLW\DQGIDVWFDOFXODWLRQWLPHV
GLVDGYDQWDJHLVDODFNRISK\VLFDOXQGHUVWDQGLQJ
,Q WKH RWKHU ³JUH\ ER[´ DSSURDFK VLPSOH PRGHOV LQFOXGLQJ EDVLF SK\VLFV DQG G\QDPLFV DUH IRUPXODWHG WR
GHVFULEH WKH EXLOGLQJ DQG LQVWDOODWLRQV HJ 0DGVHQ HW DO>@ 7KLV DSSURDFK LV XVHG WR LGHQWLI\ DQG HVWLPDWH WKH
PRGHO SDUDPHWHUV JLYHQ WKH UHFRUGHG GDWD DQG EULGJHV WKH JDS EHWZHHQ SK\VLFDO DQG VWDWLVWLFDOPRGHOOLQJ 7KH
PHWKRGRORJ\RI VXFKJUH\ER[PRGHOVKDVEHHQGHYHORSHG LQ WKH¶VLQ WKH IUDPHZRUNRI VHYHUDO(8UHVHDUFK
SURMHFWV3$66<63$6/,1.'$0(%&XVLQJRXWGRRUWHVWIDFLOLWLHVIRFXVLQJRQWKHEXLOGLQJHQYHORSH
$GYDQWDJH RI WKHVH G\QDPLFPRGHOV LV WKDW WKH\ FDQ KDQGOH WHPSRUDO HIIHFWV VXFK DV WKHUPDO PDVV EHKDYLRU
ZKLFKUHTXLUHVWKHVROXWLRQRIDVHWRIGLIIHUHQWLDOHTXDWLRQV'\QDPLFLQYHUVHPRGHOVDUHPRUHFRPSOH[FRPSDUHG
ZLWK VWHDG\ VWDWH PRGHOV DQG QHHG PRUH GHWDLOHGPHDVXUHPHQW GDWD WR SDUDPHWHUL]H WKHPRGHO 7R HVWLPDWH WKH
PRGHOSDUDPHWHUVLQWKHJUH\ER[DSSURDFKXVXDOO\DQHUURUIXQFWLRQLVGHILQHGDQGPLQLPL]HG0LQLPL]DWLRQFDQEH
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SHUIRUPHGXVLQJDYDULHW\RIPHWKRGVOLNH0RQWH&DUORPHWKRGRUGRZQKLOOVLPSOH[PHWKRGRURWKHUPHWKRGVVXFK
DVWKHPD[LPXPOLNHOLKRRGPHWKRGDQGWKHPD[LPXPDSRVWHULRULPHWKRGVVHH0DGVHQHWDO>@
*HQHUDO VRIWZDUH WRROVHQYLURQPHQWV HJ 0DWODE 0RGHOLFD 6LPXODWLRQ; FDQ EH XVHG IRU PRGHOLQJ DQG
G\QDPLFSDUDPHWHULGHQWLILFDWLRQ7KHVHWRROVPD\RIIHUGLYHUVH IXQFWLRQDOLW\VXFKDVHTXDWLRQEDVHGPRGHOLQJ,Q
DERYHPHQWLRQHG(8 SURMHFWV WKH WRRO /25' KDV EHHQ GHYHORSHGZKLFK LV XVHG IRU SDUDPHWHU LGHQWLILFDWLRQ RI
WKHUPDOV\VWHPV7KHWRROLVDLPHGDWHQHUJ\SHUIRUPDQFHRIEXLOGLQJVDQGXVHV5&QHWZRUNPRGHOV$FRPELQDWLRQ




FRQWUROOHG URRPV IRU ZKLFK DOO KHDW IORZV DUH PHDVXUHG DQG DOO UHVLVWDQFHV DUH ZHOO NQRZQ 5HODWLYHO\ QHZ LV
DSSO\LQJSDUDPHWHULGHQWLILFDWLRQEDVHGRQILWWLQJOXPSHG5&QHWZRUNPRGHOVIRUOHVVZHOOFRQWUROOHGVLWXDWLRQVRI






RQ G\QDPLF SDUDPHWHU LGHQWLILFDWLRQ ZLOO EH SUHVHQWHG RQH FDVH RQ WUDQVPLVVLRQ ORVVHV D VHFRQG FDVH RQ VRODU
DGPLWWDQFHDQGDWKLUGFDVHRQWKHHIILFLHQF\RIDKHDWLQJV\VWHP
5HIHUHQFHEXLOGLQJ
7KH VLPSOH 5&QHWZRUNPRGHO FRQVLGHUHG FRQWDLQV WKUHH QRGHV DQG WKUHH FRQGXFWDQFH¶V VHH )LJ 7KH WKUHH
QRGHV UHODWH WR WKH RXWGRRU DQG LQGRRU DLU WHPSHUDWXUH DQG WR WKHZDOO WHPSHUDWXUH 7KH FRQGXFWDQFH¶V UHODWH WR
YHQWLODWLRQ ORVVHV DQG ORVVHV WKURXJK JOD]LQJ FRQYHFWLYH KHDW WUDQVIHU EHWZHHQ LQGRRU DLU DQG ZDOOV DQG
WUDQVPLVVLRQ ORVVHV WKURXJK WKH HQYHORSH 7KH WZR KHDW FDSDFLWDQFHV UHODWH WR WKH WKHUPDO PDVV RI WKH EXLOGLQJ
HQYHORSHDWWKHLQQHUVLGHRIWKHLQVXODWLRQOD\HUDQGWRWKHLQGRRUDLUYROXPH
)LJ(PSOR\HGVLPSOH5&QHWZRUNRIWKHEXLOGLQJ
7KHVLPSOH5&QHWZRUNPRGHOFRQVLVWVRI WZRGLIIHUHQWLDOHTXDWLRQVUHODWLQJWKHSK\VLFDOTXDQWLWLHV VKRZQ LQ
)LJWKH\DUHJLYHQE\(TXDWLRQVDQG
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1H[W D 7516<6 PRGHO IRU WKH EXLOGLQJ KDV EHHQ FRQVWUXFWHG DQG DSSOLHG WR JHQHUDWH GDWD WR LGHQWLI\ WKH
SDUDPHWHUVRIWKH5&QHWZRUNPRGHO7KHEXLOGLQJFRQVLGHUHGKDVDYROXPHRIPWKHIORRUDQGURRIDUHDDUH





,QGRRU DLU WHPSHUDWXUHV JHQHUDWHGZLWK7516<6 IRU WKLV EXLOGLQJ DVZHOODVGDWD RQ RXWGRRU DLU WHPSHUDWXUH







3DUDPHWHUV 8QLWV (VWLPDWH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH
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7KH WKLUGFROXPQLQ7DEOH OLVWVHVWLPDWHGYDOXHV IRU WKHSDUDPHWHUVEDVHGRQNQRZQEXLOGLQJSURSHUWLHVDQG
DVVXPSWLRQV LQ WKH 7516<6PRGHO )RU WKUHH GLIIHUHQW KHDWLQJ VFKHGXOHV WKH LGHQWLILHG SDUDPHWHUV RI WKH 5&
QHWZRUN PRGHO DUH OLVWHG LQ FROXPQV  &RQVLVWHQW YDOXHV IRU WKH SDUDPHWHUV DUH IRXQG IRU WKH WKUHH GLIIHUHQW
KHDWLQJVFKHGXOHV7KHSDUDPHWHUHUURUVDUH ODUJHU LQ WKH ODVWFROXPQ)RU WKLVFDVH WKHVHWSRLQW WHPSHUDWXUHZDV
FRQVWDQWGXULQJWKHILUVWSHULRGLGHQWLILFDWLRQRIFDSDFLW\LVPRUHGLIILFXOWGXULQJWKHVHFRQGSHULRGWKHLQGRRUDLU
WHPSHUDWXUHZDVIUHHIORDWLQJ0RGHOSDUDPHWHUVDUHKDUGHUWRLGHQWLI\LQFDVHRILQVXIILFLHQWYDULDWLRQRILQSXWGDWD














 (IILFLHQF\KHDWLQJV\VWHP7KHKHDWLQJV\VWHPKDVDQRYHUDOOHIILFLHQF\RIȘ $ 










DWD YDOXH RI ZKLFK LV FORVH WR WKH IDFWRU LPSRVHG LQ WKH7516<6PRGHO9DOXHV IRU WKH RWKHUSDUDPHWHUV
YDULHGOHVVWKDQSHUFHQW
7KHUHVLGXDOVRIWKHILWZHUHVPDOODQGWKHYDOXHVIRUWKHILWWHGSDUDPHWHUVZHUHFORVHWRWKHH[SHFWHGYDOXHVIRU
WKHVH H[DPSOH FDVHV$JRRG DQG VWDEOH LGHQWLILFDWLRQ RI WKH EXLOGLQJV\VWHPSHUIRUPDQFHZDV REVHUYHG LQ WKHVH
H[DPSOH FDVHV VLQFH VWDEOH YDOXHV IRU WKH SDUDPHWHUV RI WKH 5&QHWZRUNPRGHO ZHUH IRXQG YDULRXV SDUDPHWHU
VWDUWLQJYDOXHVZHUHFRQVLGHUHG$GGLWLRQDOFDOFXODWLRQVQRWSUHVHQWHGLQWKLVSDSHUKDYHDOVREHHQSHUIRUPHGIRU
PRUHFRPSOH[5&QHWZRUNPRGHOV LQ WKRVHFDVHVVRPHRI WKHDGGLWLRQDOSDUDPHWHUVKDG WREH IL[HGDWHVWLPDWHG
YDOXHVLQRUGHUWREHDEOHWRLGHQWLI\WKHRWKHUSDUDPHWHUV
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7DEOH3DUDPHWHULGHQWLILFDWLRQH[DPSOHFDVHV3DUDPHWHUVZLWKDQDVWHULVNVZHUHNHSWFRQVWDQW
3DUDPHWHUV 8QLWV 5HIHUHQFH &DVH &DVH &DVH
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WHPSRUDO V\VWHP RI DYDLODEOH GDWD DQG OHYHO RI GHWDLO RI WKH DSSOLHG 5&QHWZRUNPRGHO ([DPSOHV RI SRVVLEOH
DSSOLFDWLRQ RI '3, DUH SHUIRUPDQFH DQDO\VLV  IDXOW GHWHFWLRQ IRU EXLOGLQJ FRPSRQHQWV DQG LQVWDOODWLRQV EHWWHU
IRUHFDVWLQJ RI DFWXDO KHDWLQJ HQHUJ\ FRQVXPSWLRQ EDVHG RQ PHDVXUHPHQWV GXULQJ D OLPLWHG WLPH SHULRG EHWWHU
FRQWURO RI LQGRRU FOLPDWH WHPSHUDWXUH FRQWDPLQDQWVDQGHQHUJ\ FRQVXPSWLRQ XVLQJ WKH LGHQWLILFDWLRQ SURFHGXUH
DQGPRGHOIRUDQDGDSWLYHPRGHOEDVHGFRQWURORIWKHEXLOGLQJV\VWHPV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQN'U+YDQµW6SLMNHUIRUVWLPXODWLQJGLVFXVVLRQV
5HIHUHQFHV
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